Oral malodor is a condition which impedes people's social life and self-esteem. With more widespread acceptance of the potential for probiotic intervention providing health benefits for nonintestinal body sites, application of it on alternative target tissues has increased, to obtain more specific and enduring benefits. From the periodontal perspective, several studies have revealed the role of probiotic in the reduction of gingival inflammation. However, the studies of stronger evidence pertaining to the role of probiotics in the treatment and prevention of halitosis is limited. The aim of this study was to determine the role of probiotic strains in the treatment and prevention of oral malodor. Records were searched from various databases such as PubMed/Medline, Cochrane, and EMBASE. Articles published over the past 11 years were identified using the key search terms. A total of 178 records were identified by title/abstracts/full-text articles and were retrieved. After thorough assessment, 11 manuscripts were included in qualitative synthesis in this systematic review. Analysis of studies revealed 666 participants, aged 4-76 years, and about 20 probiotic strains were assigned to the test groups and control groups with a varying follow-up period. The effect size for randomized control trials ranged from 0.08 to 0.7 which suggests low-to-moderate practical significance. The results of this systematic review confirm that more studies are necessary to evaluate the efficacy of probiotics with correct methodological design, in broader population samples, and over longer periods.
IntroductIon
Oral malodor is a condition which impedes people's social life and hampers one's self-esteem. Patients with halitosis look up to dentists for professional consultation; therefore, dentists should have an understanding of the local as well as the systemic factors which cause halitosis. [1] The most common oral malodor compounds are by-products of the metabolism of oral bacteria, especially anaerobes, located on the dorsum of the tongue. Volatile sulfur compounds (VSCs), valeric acid, butyric acid, and putrescine are thought to contribute to the odor. [2] As defined by the WHO, "Probiotics are live microorganisms which when administered inadequate amounts confer a health benefit on the host." [3] The term probiotic, which is an antonym of the term antibiotic, was first introduced by Lilly and Stillwell (1965) as substances produced by microorganisms, which promotes the growth of other microorganisms. [4] The usage of probiotics by humans has almost exclusively focused on the derivation of benefits through the ingestion of microbes originally obtained from intestinal sources. [5] However, with the more widespread acceptance of the potential for probiotic intervention to also effect health benefits for nonintestinal body sites, there has come the increased application of effector strains of species that are indigenous to alternative target tissues, to obtain more specific and enduring benefits. From the periodontal perspective, several studies have revealed the role of probiotic strains in the reduction of gingival inflammation. [6, 7] However, the studies of stronger evidence pertaining to the role of probiotics in the treatment and prevention of halitosis is limited. The aim was to review the literature about the role of probiotics in the treatment and prevention of oral malodor.
MaterIal and Methods

Literature search strategy
To identify studies included in or considered for this review, search strategies were developed for each database that we searched. An online search of the MEDLINE-PubMed, EMBASE, and Cochrane Library was conducted from January 2000 to January 2017. The strategy used was a combination of MeSH terms and free text words including probiotics (MeSH), halitosis (MeSH), oral malodor (text word), VSC (MeSH), and beneficial bacteria (text word) with bullion words; AND, OR, and NOT.
Inclusion and exclusion criteria
Randomized controlled trials and in vitro studies about the use of probiotics in the treatment and prevention of halitosis or oral malodor and the effect of beneficial bacteria on VSCs were included in the study.
Primary outcome
The primary outcome we have considered were reduction in the organoleptic scores and in the production of VSCs in both in vitro and in vivo studies.
Data collection
Potentially relevant reports identified from the reference lists of relevant studies, review articles, and chapters were searched. Those records selected for retrieval were assessed by the first three authors (selectors and extractors) for methodological validity before the inclusion in the review. Details of the search steps and the reasons for exclusion from the review were documented and are presented in Flow Chart 1.
Full-length articles of all included studies were obtained. The aim, study design, characteristics of the participants, and VSC-producing bacteria of each eligible study were collected. The type of probiotic bacteria and its concentration and the vehicle of its administration were recorded in conjunction with the outcome of data.
The studies were assessed in terms of a series of methodological factors. The selected articles were critically appraised by all the authors, based on Joanna Briggs Institute (JBI) critical appraisal checklist for systematic reviews. The studies were scored by assigning "" if the study appropriately met the quality item, a "×" was assigned if the study did not meet the quality item. A "?" was assigned if there was no sufficient information regarding the quality item, and "NA" was assigned in case if the criteria did not apply to the particular study being rated. If the authors disagreed on the classification of a study, a discussion was held to reach a consensus.
The process and results of the electronic and hand searches are as shown in Flow Chart 1. The authors took part in all phases of the study selection. A total of 178 records were identified by title/abstracts/full-text articles and were retrieved. Potentially relevant reports identified from the reference lists of relevant studies, review articles, and chapters were hand searched, which yielded an additional ten articles. Sixty-two articles were identified as duplicates and were excluded from the study. At the next level, 92 records were eliminated as the outcome in those studies was the role of probiotics in the treatment and prevention of periodontal diseases. Further, 68 records were excluded as they were studies which included the combination of probiotics with chlorhexidine. At this level, a total of 24 records were considered potentially eligible and sought for further assessment. Eventually, 11 manuscripts were included in qualitative synthesis in this systematic review.
results
Included studies were published between 2006 and 2016. Two studies were conducted in 2006-2010, [8] [9] [10] nine studies in 2011-2016. [11] [12] [13] [14] [15] [16] [17] [18] Four studies were conducted in Japan, [10, 12, 16, 17] three in South Korea, [9, 15, 18] one in New Zealand, [8] one in Denmark, [11] one in Switzerland, [13] and one in the United Kingdom. [14] Quality assessment was based on JBI level of evidence (2014) as described in Table 1 . The main characteristics and results of the studies analyzed in this review are summarized in Table 2 . Risk of bias assessments in this review is discussed in Table 3 .
Analysis of studies revealed 666 participants, aged 4-76 years, and about 20 VSCs-producing bacteria were assigned to the test groups and control groups with a varying follow-up period. All in vivo studies had patients <50, [8, [10] [11] [12] [13] [14] 16] except one study which included 460 children [9] as the study population. Seven types of probiotic strains were used in the studies where three studies each have administered Streptococcus salivarius K12 [8, 13, 18] and Lactobacillus salivarius. [10, 12, 16] Of 11 studies, four were in vitro [13, 15, 17, 18] and six were in vivo [8, [10] [11] [12] 14, 16] and one study [9] was both in vitro and in vivo. The effect size for randomized control trials ranged from 0.08 to 0.7 which suggests low-to-moderate practical significance. The vehicle of administration of probiotics varied from lozenge, [8] probiotic suspension, [9] tablets (Iwamoto et al., 2010; , [10, 16] chewing gum, [11] oil drops (Suzuki et al., 2014) , [12] and fermented drink. [14] The administered probiotics were within the concentration range of 1 × 10 8 -1 × 10 9 colony-forming unit (CFU), and three studies [8, 9, 14] used concentration of more than 1 × 10 9 CFU. All in vivo studies showed randomization and three studies performed double blinding. [11, 12, 16] dIscussIon Several mechanisms have been proposed to explain how probiotics work. For example, these bacteria secrete various antimicrobial substances such as organic acids, hydrogen peroxide, and bacteriocins. [19] In addition, they compete with pathogenic agents for adhesion sites on the mucosa. Probiotics can also modify the surrounding environment by modulating the pH and/or the oxidation-reduction potential, which may compromise the ability of pathogens to become established. Finally, probiotics may provide beneficial effects by stimulating nonspecific immunity and modulating the humoral and cellular immune response. A combination of probiotic strains is often used to increase these beneficial effects. [20] The usage of probiotics by humans has almost exclusively focused on the derivation of benefits through the ingestion of microbes originally obtained from intestinal sources. [21] The bacteria in yoghurt and fermented milk products constitute the most important source of probiotics for humans. [22] The vast majority of probiotic bacteria belong to the genera Lactobacillus, Bifidobacterium, Propionibacterium, and Streptococcus. [23] [24] [25] Several clinical studies have already demonstrated the effectiveness of certain probiotics in the treatment of systemic and infectious diseases. Probiotics have been widely used for "healthy gut," however, the concept of alternative target sites has emerged. [26] Bernaola Aponte et al.
in a review implied that there was limited evidence suggesting that probiotics can be effective in treating persistent diarrhea in children. [27] Goldenberg et al. in a review claimed that probiotic was both safe and effective for preventing clostridium difficile-associated diarrhea. [28] Hao et al. revealed in their review on probiotics for preventing acute upper respiratory tract infection (URTI) that probiotics were found to be better than placebo in reducing the number of participants experiencing episodes of acute URTI by about 47% and the duration of an episode of acute URTI by about 1.89 days and may slightly reduce antibiotic use and cold-related school absence, also side effects of probiotics were minor and gastrointestinal symptoms were the most common. [29] Along came the concept of application of probiotic therapy in oral health. Aside from the use of probiotics in treatment and prevention of gastrointestinal tract infection, there have been studies conducted to test its efficacy in the treatment and prevention of dental caries and periodontal diseases. [30, 31] Yanine et al. in their review stated that the effectiveness of probiotics on the prevention and treatment of periodontal diseases is questionable. [32] The oral cavity is home to a wide range of bacterial species that produce several fetid substances as a result of protein degradation. VSC-producing bacteria colonizing the dorsum of the tongue have recently been implicated in halitosis. Detection of VSCs, such as methylmercaptan and hydrogen sulfite, through organoleptic and objective methods, can aid in the identification of their source. Following comprehensive evaluation for possible causes, most halitosis in patients seen in an ear, nose, and throat or dental practice can be localized to the tongue. [33, 34] Bacteriologic analysis of biofilm and scraped specimens obtained from the lingual dorsum and other oral sites, primarily gingival pockets and tonsillar crypts can identify VSC-producing bacteria. Porphyromonas, Prevotella, Actinobacillus, and Fusobacterium species are the most common identified organisms. [35] Halitosis arising from the lingual dorsum secondary to overpopulated VSC-producing bacteria can be successfully managed with a combination of mechanical cleansing using tongue brushes or scrapes and chemical solutions containing essential oils, zinc chloride, and cetylpyridinium chloride. [36] [37] [38] Standard dental treatments and mouthwashes often recommended provide only temporary relief. Antimicrobial treatment indiscriminately depletes populations of both the problematic bacteria and those bacteria that are not thought to be implicated in halitosis, but which are likely to be important in the maintenance of a normal oral microenvironment. The outcome of antimicrobial treatment is inevitably only a temporary reduction in malodor, until the halitosis-causing bacteria become reestablished. Thus, probiotic therapy for the treatment of halitosis was applied. [39] Few problems arose while doing the analysis, first, the types of probiotic studied varied across the trials, second and the most important issue, the variables were not reported properly in some of the studies. Information on the outcomes of interest was only found in graphs and tables, [9, 13, 15, 17, 18] which did not allow obtaining the exact value of the final measurement in each group. Only 11 studies contributing to the results and conclusions are a very small number compared to a large number of population affected from oral malodor. All the studies are of shorter duration varying from 24 h to 7 weeks, hence, do not throw light over the prevention aspect of probiotics over oral malodor, it still lacks the evidence even though few studies have showed significant decrease in the oral malodor parameters as in two pilot studies [8, 10] have concluded that there was a significant decrease in the organoleptic scores and in production of the VSCs. A randomized clinical trial [14] used commercially available probiotic drink, Yakult, as a vehicle of administration of probiotic revealed no broad ecologic changes in the mouth and no significant effect on the oral malodor parameters, thus concludes that simply oral ingestion of probiotic has no effect on oral malodor.
Given the large number of internet sites dedicated to the sale of probiotic products to people with halitosis, one would anticipate that there are many well-substantiated scientific claims of the efficacy of these products. In reality, there are only countable few trials conducted to evaluate the efficacy of probiotics in the treatment of oral malodor. There are several studies which have used probiotics in adjunct with other oral prophylactic products, but exclusive use of probiotics is scarce.
Despite these limitations, we believe that this is the best possible summary of evidence of the topic. We recommend conducting trials with appropriate sample sizes to have enough power to detect differences among the groups and further extensive studies to find out the potential of the probiotics in the prevention of halitosis.
conclusIon
Based on the results of this review, the effectiveness of probiotics on the prevention and treatment of oral malodor is questionable for several studies have moderate-to-high risk of bias as there is no clear mention of the method of randomization and allocation concealment. The results of this systematic review confirm that more studies are necessary to evaluate the efficacy of probiotics with correct methodological design, in broader population samples, and over longer periods. Comparative trials of different strains of probiotic species would be recommended.
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